X-ray diffraction
. Picosecond TRIR spectra of ~1 mM Re126W122Cu II in 20 mM KP i buffer in D 2 O (pD = 7.1) measured at selected time delays after ~50 fs, 400 nm laser pulse excitation. Experimental points are separated by ca. 2.2 cm -1 .
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TRIR dynamic shifts and shape-fitting Figures 1 and S1 show that the transient IR bands undergo dynamic up-shift and narrowing on pico-and nanosecond timescales, which are most apparent for the CT1 band. These shifts and shape-changes preclude kinetics analysis based on time-dependent absorbance at wavenumbers corresponding to peak-maxima. To overcome this problem, we have fitted the TRIR spectra to sums of Gaussians, determining the areas, peak wavenumbers, and widths of the CT1 and CS2 bands and of the ~1925 cm -1 bleach that was modeled by two Gaussians.
Representative fits are shown in Figure S2 . The kinetics analysis is based on time-dependent band areas, see Figure 2 .
The CT1 band shift occurs with a multiexponential dynamics from the initial position of ) timescales, apparently due to a shoulder developing on its high-energy side.
These CS2 band changes are attributable to changing the environment around Re(CO) 3 
by, e.g. W122
•+ deprotonation and, for Cu I , W122
•+ reduction and RP α /RP β equilibration, see the main text.
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Kinetics analysis
To simplify the kinetics model, we omitted the subnanosecond dynamics and began our analysis with the relaxed 3 CT state, whose formation is assumed to be much faster than any subsequent reaction. The kinetics scheme is shown in Figure S1 . A system of linear differential equations (S1) was evaluated numerically using a Matlab code written at Caltech.
1) Zero initial conditions were assumed for all photoproduced intermediates:
2) Reversibility between the CT and CS states 2, 4 and between the two forms of the redox product was assumed:
3) For Cu 
6) To obtain the rate constants k 4 , k 7 , and k 8 (where the latter two are related by K eq2 ) we simulated the whole mechanism using eqs. S1a-e and fixing k 1 , k 2 , and k 5 to the above values. k 4 ≈ k 7 was assumed as TA and TRIR data showed that the 220 ns and 6 µs BET kinetics components have comparable amplitudes. 
Since the observed luminescence originates from both monomer and dimer species, we write: 
